INTRODUCTION
Reflection geometries are well-established in AGNs, and the same basic geometry -the irradiation of an accretion disc by hard X-rays -is very likely at work in Galactic black holes (see, e.g., Gierlinski et al. 1997; Zdziarksi et al. 1998; Miller et al. 2001) . The shape of the reflected component in a given spectrum depends on several factors, including the height and distribution of hard X-ray sources above the accretion disc, the temperature and ionization of the disc, and how close to the black hole the reflection occurs. Thus, the reflected component of a given spectrum may be used to constrain the accretion flow geometry. XTE J1118+480 is particularly well-suited to reflection studies. In the bright X-ray states of most Galactic black holes (GBHs), the accretion disc is an X-ray object. This soft spectral component complicates fits with reflection models. In less luminous states, the accretion disc temperature is often below the soft X-ray band. Due to the extremely high latitude of XTE J1118+480, the disc temperature could be measured via UV spectroscopy. At kT = 24 eV (McClintock et al. 2001a) , the inner disc temperature in XTE J1118+480 is similar to, or lower than, the inner disc temperatures measured in many AGN. In any reflection analysis, the inclination of the system and the mass of the black hole are important parameters, and both have been measured in XTE J1118+480 (i = 81 ± 2 degrees, Wagner et al. 2001 ; MBH > 6.0 M⊙, McClintock et al. 2001b) , allowing us to more tightly constrain other model parameters.
Two separate models have been proposed to describe XTE J1118+480, which should produce different reflection signatures. Markoff, Falcke, and Fender (2001) have described a model in which synchrotron emission from the jet in this system can account for the observed radio and X-ray spectra. In this model, a significant fraction of the power-law X-ray flux (perhaps all such flux) may be due to the jet. In such a geometry, one would expect very little of the flux to reflect from the accretion disc, and into the line of sight of the observer. Noting the similarity of optical and X-ray variability in this system, Merloni, Di Matteo, and Fabian (2000) have described a model wherein magnetic loops from the corona may generate hard X-rays and illuminate the accretion disc, creating the observed X-ray and optical QPOs. Although the inclination of XTE J1118+480 is high, if this process is at work, a fraction of the incident hard X-rays from the magnetic loops might scatter into the observing line of sight.
For the purpose of constraining the accretion flow geometry in XTE J1118+480, we have fit a number of reflection models, covering a large parameter space. Chandra and RXTE spectra were fit simultaneously, covering the 0.4-100 keV band. In the following sections, we detail our analysis and results. We also comment on recent models for XTE J1118+480.
OBSERVATION AND DATA REDUCTION
We analyzed the Chandra LETG/ACIS-S spectrum reported on by McClintock et al. (2001a) , reduced via the methods detailed in that work. Chandra observed XTE J1118+480 on 18 April 2000, between 18:16-02:16 (UT), for an integrated exposure of 27.2 ksec. We consider the 0.4-5.0 keV range with 5 per cent systematic errors. Below 0.4 keV and above 5.0 keV, the data are more noisy and may require larger systematic errors (see the discussion in McClintock et al. 2001a ), so we have restricted our fits to the 0.4-5.0 keV range.
We have summed 18 observations made with RXTE between 13 April and 15 May, 2000, for a total of 46 ksec of PCA data and 18 ksec of HEXTE data. This summation is not likely to distort any spectral features due to the extremely steady nature of XTE J1118+480: fits to individual spectra indicate that the powerlaw index is constant at the 3σ level of confidence across this time range (M. P. Muno, priv. comm.) .
The PCA data was reduced using FTOOLS version 5. We used all available proportional counter units (PCUs; generally, PCUs 0, 2, and 3) in each observation, and selected only the top layers of the available PCUs. Response matrices were made using version 2.43 of "pcarsp." Background spectra were made using the 2000 January 31 "blank-sky" model for gain epoch 4, and version 2.1e of "pcabackest." Background spectra were subtracted using "mathpha." We consider the 2.8-25 keV energy range, as residuals below 2.8 keV are relatively large and the PCA spectrum becomes background-dominated above 25 keV. Spectra from individual observations are summed using "mathpha." Uncertainties in the PCA response may be as large as 1 per cent (Jahoda 2000) , so we have added 1 per cent systematic errors to the statistical errors before fitting the summed PCA spectrum.
The HEXTE data were also reduced using FTOOLS version 5. The standard response matrices were used. The background was estimated using "hxtback," and source spectra were summed using "mathpha." No systematic errors were added to this data. Although data in the 15-20 keV range are likely free of any systematic effects, we excluded this range to avoid any possible response problems at the edge of the detector energy range. Even though HEXTE is sensitive up to 250 keV, we fit only up to 100 keV. We are interested in comparing reflection models as consistently as possible, and the version of the "constant density ionized disc" reflection model (Ross & Fabian, 1993; Ross, Fabian, & Young 1999) which calculates a reflection fraction is only valid up to 100 keV. The high energy signature of reflection -the Compton-backscattering excess -peaks near ∼30 keV (George & Fabian 1991) , so an upper limit of 100 keV is high enough to allow for robust analysis.
ANALYSIS AND RESULTS
Chandra LETG/ACIS-S, RXTE PCA, and RXTE HEXTE-A and HEXTE-B spectra are fit simultaneously, with an overall normalising constant allowed to float between each. The fitting range discussed above (0.4-100 keV) has a total of 1248 energy bins. For all fits, we fixed the neutral hydrogen column density to the value selected by McClintock et al. (2001a) : NH = 1.3 × 10 20 cm −2 . We note a "notch" in the LETG/ACIS-S spectrum near 2 keV. As this feature was not seen in a BeppoSAX observation of XTE J1118+480 (Frontera et al. 2001 ), we consider this feature to be an instrumental artifact. We modeled this feature with an inverse edge at 2 keV ("τ " = − 0.15). With this addition, the LETG/ACIS-S spectral index becomes consistent with that of the other instruments.
Some of the fits we describe below include the effects of relativistic blurring, which is expected for regimes close to a black hole. In XSPEC, it is possible to convolve a fitting model with a Gaussian or Lorentzian profile. Instead of convolving with these profiles, we convolve with a profile appropriate for a general relativistic regime (the "diskline" model within XSPEC). Where we have blurred the spectrum, we do so for 6 Rg ≤ Rin ≤ 10 5 Rg, Rg = GMBH /c 2 . The "pexrav" and "pexriv" models do not include an Fe Kα line, and one must be added explicitly. The possibility of an iron line is discussed in McClintock et al. (2001a) . Although we do not consider the 5-7 keV range in the Chandra spectrum due to larger overall effective area calibration uncertainties in that band, it is fine for examining the possibility of narrow emission and/or absorption features. We therefore adopt the same Fe Kα upper-limit as McClintock et al. (2001a) , and constrain the equivalent width to be less than 24 eV. We fix the width at zero as any 1-2 bin features in the LETG are unresolved at the resolution of the PCA. The line center is fixed at 6.4 keV. We also consider the possibility of an Fe under-abundance intrinsic to XTE J1118+480 in fitting "pexrav" and "pexriv" to explore the possible effects on the reflection fraction. It should be noted, however, that our fits to the Chandra/LETG data in the region of the Fe LIII edge do not indicate an underabundance relative to solar values.
Fit parameters for each model which are not discussed below, are detailed in Table 2 . Unless otherwise noted, all errors quoted in this paper are the difference between the best-fit value of a given parameter, and its value at the 90 per cent confidence limits.
Fits with a simple power-law
We first consider a simple power-law model for the spectrum (see Figure 1 ). This simple model is an excellent fit, yielding a very good reduced fit statistic (χ 2 /ν = 0.982, ν = 1243). We obtain a power-law index of Γ = 1.777 ± 0.004, which is consistent with the values reported by McClintock et al. (2001) for the Chandra LETG/ACIS-S and combined RXTE spectra (Γ = 1.77 ± 0.4, and Γ = 1.782 ± 0.005, respectively). Frontera et al. (2001) measure a slightly harder power-law index with BeppoSAX (Γ = 1.722 +0.003 −0.005 ). Whereas we fit an energy range (0.4-100 keV) which does not require a blackbody component or a cut-off in the power-law slope at high energy, the BeppoSAX results cover the 0.1-200 keV range, and include a blackbody component and a cutoff. Even without these considerations, it is striking how well these spectral characterisations agree.
Fits with "Pexrav" and "Pexriv"
We next made fits with "pexrav" (Magdziarz & Zdziarski 1995) . This model describes the reflection of hard, power-law X-rays from a cool, neutral accretion disc. The parameters of this model include: the index of the incident power-law flux, the energy cut-off of the power-law, the reflection fraction (0 → 2π, normalised to 1, corresponding to an isotropic source above the disc), the source redshift, the abundance of elements heavier than He, the abundance of Fe, the cosine of the inclination angle, and component normalisation (photon flux at 1 keV). In our fits, the power-law index and cut-off, the reflection fraction, and flux were allowed to float. We fixed the redshift at zero, the lower abundances at solar, the Fe abundance at 0.10 and 1.00 relative to solar (see below), and the cosine of the inclination angle to 0.156 (i = 81 degrees; Wagner et al. 2001 , McClintock et al. 2001b . We considered this model with and without incorporating the effects of relativistic blurring on the overall spectrum.
With the iron abundance set to 1.00 relative to solar abundances, fits with pexrav return a best-fit reflection fraction of f = 0.01 +0.06 −0.01 . Relativistic blurring does not affect this result. However, as XTE J1118+480 is a halo object, it is possible that it has a significant Fe under-abundance. We therefore also made fits with the Fe abundance fixed at 0.10 relative to solar abundance. Again, the best-fit values for f , with blurring and without, were consistent with zero. The upper limits with this lower abundance are f ≤ 0.04 for both blurred and unblurred models.
We conclude that the upper-limits we have obtained with this model may be imprecise and dominated by the fact that the bestfit reflection fractions are consistent with zero. The most reliable upper-limit on the reflection fraction is likely the largest, f ≤ 0.04. With these low reflection fractions, "pexrav" is a good fit to the data (e.g., without blurring and with Fe at solar abundance, χ 2 /ν = 0.960, ν = 1241).
"Pexriv" (Magdziarz & Zdziarski 1995 ) is a cousin to "pexrav," meant to cover regimes in which the accretion disc is ionized. An ionized accretion disc might be expected when the inner edge extends close to the black hole, and is therefore more strongly irradiated by incident hard X-rays. For this reason, we only consider this model with the effect of relativistic blurring. The parameters of this model in addition to those for "pexrav" include the disc temperature, and the disc ionization parameter ξ. We fix the disc temperature to 24 eV, as per McClintock et al. (2001a) , and examine the extreme ionization cases: ξ = 0.0, 5000 (5000 is the upper-limit for this model), and Fe abundances of 0.10 and 1.00 relative to solar.
For solar iron abundances and ξ = 0, f = 0.01
+0.06
−0.01 -this is exactly what we obtain with "pexrav" for the same values. For all other combinations of Fe abundance and ξ, the upper-limit on the reflection fraction is f ≤ 0.001. In all cases, "pexriv" was an acceptable fit (even for ξ = 5000); for the ξ = 0 and Fe abundance at full solar value, χ 2 /ν = 0.966, ν = 1240. We note that a very small error may be introduced by fitting "pexrav" and "pexriv" with a gaussian iron line model for which the maximum equivalent width is constrained to be less than 24 eV. Based on George & Fabian (1991) , in the limit where all of the observed spectrum is reflected, the Fe Kα line equivalent width expected at an inclination of 81 degrees is approximately 40 eV. However, as we measure only a very small fractional reflection with "pexrav" and "pexriv," we regard any error introduced by constraining the Fe Kα line EW≤24 eV to be negligible.
Fits with the "Constant Density Ionized Disc Model"
This model is designed to handle a large range of disc ionizations (log(ξ)= 1 → 6), assuming a constant density accretion disc and a power-law irradiating spectrum. The parameters for this model include the incident power-law flux, the disc ionization, the source redshift, the reflection fraction, and the component normalisation (related to photon flux at the detector, but not diluted by 1/d 2 , and therefore on the order of 10 −25 ph/cm 2 /s). In our fits, the redshift was fixed at zero, and all other parameters were allowed to float simultaneously. We considered this model with the effects of relativistic blurring.
Extremely tight constraints are obtained with this model. A very low ionization is indicated: log(ξ)= 1.056 ± 0.002. As with the other models, the best-fit reflection fraction is zero; an upper limit of R ≤ 0.002 is obtained. Here, R is the fraction of the total flux that is reflected (not an angle, like f ). The fit achieved with this model is also good (χ 2 /ν = 1.034, ν = 1241). We tested the robustness of the low values for the ionization parameter and reflection fraction by fixing these parameters at higher values; this resulted in large changes in the fit statistic (∆χ 2 /ν ≃ 1 − 3), indicating that a low ionization and reflection fraction are strongly preferred with this model. In Figure 2 , we plot the constant-density ionized disk model with R = 0.002, 0.1, and 0.3 to illustrate the extremely weak nature of the reflection component we have measured in XTE J1118+480.
The R value measured by this model is an angle-averaged result. By inspection of the reflection components calculated in George & Fabian (1991) , it is clear that at 81 degrees the strength of the reflected component is actually 2-3 times higher than we measure. Based on this comparison, the most appropriate upper-limit is slightly higher: R ≤ 0.005.
DISCUSSION
Each of the fits to XTE J1118+480 with "pexrav" or "pexriv" wherein the strength of the reflection component is measured prefer f = 0.01
−0.01 -consistent with zero. These measurements are an order of magnitude lower than those found by Frontera et al. (2001) in fits to BeppoSAX spectra. "Pexriv" is not able to simultaneously constrain the ionization parameter and reflection fraction, and so we regard results from this model cautiously. Indeed, based on the very low inner accretion disk temperatures measured by McClintock et al. (2001a) and Frontera et al. (2001) -kT ≃ 24 eV and kT = 32 − 52 eV, respectively -we expect a largely neutral accretion disk and therefore "pexrav" may be a more appropriate model. Fits made with the CDID model were able to constrain the parameters simultaneously, and indicate very little (if any) reflection component from a neutral accretion disk (ξ = 11.3 ± 0.1, R < 0.005), in good agreement with expectations based on the accretion disk temperature.
A flaring geometry for XTE J1118+480 like that described by Merloni et al. (2000) is partially supported by our results. Beloborodov (1999) examined the effects of irradiating sources with large bulk velocity on the strength of X-ray reflection. Such a scenario might arise if a magnetically-active corona above an accretion disk is producing flares, and the flares are pushed away from the disk (e.g., by the radiation pressure from reprocessed radiation). For the measured inclination of XTE J1118+480 (i = 81 degrees), there is no bulk velocity (β = 0 − 1, β = v/c) which can explain a reflection fraction as small as the one we measure. However, it is possible that flaring of the kind described by Merloni et al. (2000) at large scale heights, especially if the flares have a bulk velocity, might produce a very small reflection fraction.
If a hot, optically-thin corona partially covers the inner accretion disk, then at least a fraction of the reflected spectrum must pass through the corona along a given line of sight. Petrucci et al. (2001) examined the effects of this scenario as a function of inclination angle, assuming a corona which blankets the accretion disk. For high inclinations, the strength of the observed reflection component may be diminished considerably by the effects of Comptonization. If the corona covers the accretion disk, then Comptonization may at least partially explain the very low reflection fraction in XTE J1118+480. Such a geometry is not necessarily favored for this source, however. Fits to the Beppo-SAX spectrum with a num-ber of Comptonization models by Frontera et al. (2001) find that the optical depth (τ ) of the corona is lower for a "slab" geometry than a spherical geometry. If the corona is spherical and central, and of a size similar to the ADAF geometry suggested by McClintock et al. (2001a) and Esin et al. (2001) , then the effects of Comptonization on the reflection spectrum would likely be rather small. If the corona were larger and more diffuse, then a smaller optical depth might be expected for a spherical volume than for a slab geometry.
Finally, we consider the possibility that the hard, power-law X-ray flux observed in XTE J1118+480 is due primarily to synchrotron self-Comptonization in the jet observed in this source (Markoff, Falcke, & Fender 2001) . As seen from such an extended emission region, the accretion disk would subtend a smaller solid angle than the geometries we consider above. Of the explanations for a small reflection fraction that we consider here, this interpretation can most easily explain why we have measured reflection fractions consistent with zero.
If the jets are a source of the hard X-ray flux in XTE J1118+480 as our fits may suggest, a number of interesting questions arise. Are the X-ray QPOs seen in this source (0.08 Hz; Revnivtsev, Sunyaev, & Borozdin 2000) manifested within the jet? How can the correlated X-ray and optical variability be explained? Why is XTE J1118+480 different than other GBHs, wherein nonzero reflection fractions are measured (see, e.g., Zycki, Done, & Smith 1997; Gilfanov, Churazov, & Revnivtsev 2000) , and the jet does not seem to be the major source of hard X-ray flux? The answers to these questions can be partially given by studies of reflection in other GBHs, but may only be answered definitively by subsequent outbursts of XTE J11118+480 itself.
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We wish to thank J. Table 2 . The results of simultaneously fitting the Chandra and RXTE with reflection models. All errors are 90 per cent confidence. a Blurring is a relativistic convolution; see Section 3. b The iron abundance relative to solar. c The irradiating power-law index. d The high energy cut-off of the irradiating flux. f The ionization parameter, ξ = L X /nR 2 . g The reflection fraction; see Section 3 and references therein. h The component normalization; see Section 3 and references therein. j The degrees of freedom when fitting the given model as shown here and described in Section 3. There were 1248 energy bins in total for every fit. † These values were fixed, as "pexriv" was not able to constrain the ionization. Our favored model is the constant density ionized disc model (CDID), which was able to simultaneously fit the reflection fraction and ionization. Figure 1 . Spectra from XTE J1118+480 fit simultaneously with a simple power-law model, and the data/model ratio for that fit. Due to the small reflection fraction, fits with the reflection models are indistinguishable from that shown here. Pictured above: in black, the Chandra LETG/ACIS-S spectrum (rebinned by a factor of 10 for clarity); in red, the RXTE PCA spectrum; and in green and blue (respectively), the RXTE HEXTE-A and HEXTE-B spectra.
Figure 2. Different reflection fractions produce different curvatures (R is the fraction of the observed flux that was reflected). In fits with the constant-density ionized disc model, a reflection fraction of R = 0 is preferred. Here, we have plotted the 90 per cent confidence upper-limit R = 0.002. Plotted in red and blue (assuming the same unreflected normalization): the model for R = 0.1 and R = 0.3, respectively. Models are rebinned by a factor of 50 for visual clarity. Note that within the text, we discuss why an upper limit of R ≤ 0.005 may be more appropriate.
